Background: Escherichia coli is the main causative pathogen in urinary tract infections (UTIs). Antibiotic resistance in this bacterium is an important problem in public health. Objectives: The aim of this study was to identify the blaTEM, blaSHV, blaOXA, and blaPER genes and AmpC-β-lactamase in clinical isolates of E. coli recovered from patients with UTIs in Kerman, Iran. Methods: E. coli isolates (N = 105) were analyzed for their antibiotic susceptibility with the disk diffusion method. ESBL and AmpCproducing isolates were detected using phenotypic methods. PCR was used to identify the blaTEM, blaSHV, blaOXA and blaPER genes in ESBL and AmpC-positive isolates. Results: More than 50% of the isolates were multi-drug resistant. The prevalence of ESBLs, AmpC-β-lactamase, blaTEM and blaOXA in the inpatient isolates was 37.2%, 2%, 37.2% and 5.8%, respectively. Further, the prevalence of ESBLs, blaTEM, blaSHV and blaOXA in the outpatient isolates was 42.5%, 24%, 5.5% and 1.8%, respectively. Conclusions: The prevalence of ESBL-producing E. coli strains in the community (outpatients) is higher than that in inpatients in Kerman, Iran. An outbreak of ESBL-producing isolates in the community can be a serious problem for public health, as resistance to other classes of antibiotics such as aminoglycoside and fluoroquinolones is often related with ESBL and AmpC production, therefore, detection of ESBL and AmpC-producing isolates in the community and hospitals is very important for the treatment and prevention of such isolates.
Background
β-lactam antibiotics, such as monobactams, cephalosporins and carbapenems, are the important antibiotic for the treatment of gram-negative bacterial infections (1) . Extended-spectrum β-lactamase (ESBL) and AmpC-β-lactamase are the main enzymes involved in resistance to β-lactam antibiotics, such as extendedspectrum cephalosporins (1, 2) .
Furthermore, ESBL and AmpC-β-lactamase-producing isolates usually are multidrug-resistant (MDR) (3) (4) (5) . Therefore, detection of ESBL and AmpC-positive isolates is very important for proper treatment of bacterial infections (6) .
Escherichia coli is a common causative pathogen in urinary tract infections (UTIs) in community and healthcareassociated infections (7, 8) . In the last few years, different β-lactamase (bla) genes, such as bla SHV , bla TEM and AmpC-β-lactamase have been identified in E. coli isolates recovered from patients with UTIs (1, 2, 4). As UTIs are one of the most important risk factors for pyelonephritis, cystitis and bacteremia in hospitalized patients (4) , it is important to investigate the prevalence of resistance in the causative organism from the viewpoint of treatment and prevention.
Objectives
The aim of this study was to identify the ESBL genes bla TEM , bla SHV , bla OXA , and bla PER and AmpC-β-lactamase in clinical isolates of E. coli recovered from patients with UTIs in Kerman, Iran.
Methods

Bacterial Isolates
In a cross-sectional study, we collected 105 nonduplicate isolates of E. coli samples from patients with symptoms of UTI who were admitted to hospitals at Kerman University of Medical Sciences between June 2014 and March 2015. Isolates were identified using standard biochemical tests such as the oxidase test, growth and lactose fermentation in MacConkey and triple sugar iron agar, the MRVP test, and growth in Simmons' citrate agar (9) . All isolates were stored at -80°C in tryptic soy broth containing 40% glycerol (10) . All the culture media were purchased from Merck Co., Germany.
Susceptibility Tests
The antimicrobial susceptibility patterns of the isolates were examined using the disk diffusion method, according to the Clinical & Laboratory Standards Institute (CLSI) guidelines, on Mueller-Hinton agar (MHA) (CONDA, Lab) (11) . Susceptibility to the following antibiotics (Mast Diagnostics Ltd., UK) was tested: imipenem (IMI, 10 µg), cefotaxime (CTX, 30 µg), ceftazidime (CAZ, 30 µg), cefepime (CPM, 30 µg), amoxicillin/clavulanic acid (AUG, 20/10 µg), gentamicin (GM, 10 µg), ciprofloxacin (CP, 5 µg), colistin (CO, 10 µg) and trimethoprim/sulfamethoxazole (SXT). E.
coli ATCC 25922 was used as the standard control in the susceptibility tests. Isolates that were resistant to at least three classes of antibiotics were considered as MDR isolates according to the recommendations of Magiorakos et al. (12) .
Screening of ESBL-Producing Isolates
ESBL-producing bacteria were detected using the disk synergy test. Briefly, isolates were inoculated on the surface of the MHA plates, with the concentration of the bacterial suspension adjusted to an optical density [OD] of 0.08 -0.13 at 650 nm, which corresponds to the 0.5 McFarland standard. Then, an AUG disk (20 µg amoxicillin+10 µg clavulanic acid) was placed at the center of the plate, and CAZ (30 µg), CTX (30 µg), cefpodoxime (CPD, 30 µg) and CPM (30 µg) disks were placed 25 -30 mm apart along an axis passing through the center of the AUG disk. The plates were incubated overnight at 37°C in ambient air. Isolates were considered to be ESBL-positive when a zone of inhibition was observed around each of the disks was expanded to AUG. E. coli ATCC 25922 and Klebsiella pneumoniae ATCC700603 (ESBL-positive isolate) were used as the negative and positive controls, respectively (13, 14).
Detection of AmpC-Positive Isolates
AmpC-producing isolates were identified using the AmpC disk test (15) (16) (17) . Briefly, blank paper disks containing 50 × Tris-EDTA (TE) were prepared by applying 20 µL of a 1:1 mixture of saline and 100 × TE to sterile blank paper disks.
The surface of an MHA plate was inoculated with a lawn of a cefoxitin (FOX)-susceptible strain (E. coli ATCC 25922) according to the standard disk diffusion method. A FOX (30 µg) (Mast Diagnostics Ltd., UK) disk was placed on the bacterial lawn on the surface of the MHA plate. The paper disks were then rehydrated, and several colonies of each test organism were applied to a disk. The inoculated paper disks were then placed such that they were almost touching the antibiotic disk (FOX) on the MHA plate. The plates were incubated at 37°C in ambient air. Indentation flattening of the zone of inhibition of FOX indicates enzymatic inactivation of the antibiotic and is considered as a positive finding. E. coli ATCC 25922 was used as the negative control in the AmpC disk test method.
DNA Extraction and Amplification of the bla Genes
Genomic DNA extraction was performed according to the boiling method of Pitout et al. (18) . The β-lactamase genes bla TEM , bla SHV , bla PER and bla OXA were detected in the ESBL-positive isolates by PCR using the specific oligonucleotide primers listed in Table 1 . PCR amplification was carried out in a FlexCycler PCR thermal cycler (Analytik Jena) with the PCR Master Mix (Ampliqon Inc., Denmark) according to the manufacturer's guidelines. The PCR reactions were performed in a total volume of 25 µL. The master mix contained 12.5 µL of reaction mixture containing Taq DNA Polymerase Master Mix Red (Ampliqon, Denmark), 0.5 µL of each of the forward and reverse primers at a 10 pmol concentration, 1 µL of the target DNA and 10.5 µL of DNaseand RNase-free distilled water. The PCR conditions were as follows: initial denaturation at 95°C for 5 minutes followed by 30 cycles of denaturation at 95°C for 1 minute, annealing for 1 minute (Table 1) , and extension at 72°C for 1 minute. The final extension step was continued for another 5 minutes at 72°C. K. pneumoniae ATCC700603 (positive for bla TEM and bla SHV ) and KOAS (positive for bla PER : this strain was provided by Dr. Ali Hashemi, department of microbiology, Shahid Beheshti University of Medical Sciences, Tehran, Iran) were used as positive controls in the PCR experiment (19, 20) .
Sequencing of the bla Genes
The sequences of both strands of the amplicons were elucidated at Macrogen (Seoul, South Korea). The sequences were compared with that of the reference genes deposited in GenBank (http://www.ncbi.nih.gov/BLAST), and the full sequence of the bla gene was deposited in GenBank.
Statistical Analysis
Statistical analysis was performed using the SPSS (v.22.0) statistics software. In this cross-sectional study, SPSS (v.22.0) was used to determine the frequency and spread of antibiotic resistance and resistance-related genes.
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Results
From the 105 E. coli isolates, 51.5% (n = 54) were recovered from outpatients and 48.5% (n = 51) from inpatients. According to the results of the susceptibility test (Table 2) , 50% of the isolates were resistant to at least more than five different classes of antibiotics, including third-and fourth-generation cephalosporins (CAZ, CTX and CPM), amoxicillin-clavulanic acid, aminoglycosides, ciprofloxacin and trimethoprim/sulfamethoxazole. Thus, these isolates were MDR isolates. A total of 42 (40%) isolates were ESBL-positive, only two isolates were AmpC-positive (Figures 1 and 2) . The AmpC-producing isolates were ESBLpositive. Among the ESBL and AmpC-producing isolates, 76.1% (n = 32), 14.2% (n = 6) and 2.3% (n = 1) were positive for bla TEM , bla OXA -1 and bla SHV genes, respectively and bla PER gene was not detected in any of the ESBL and AmpCproducing isolates (GenBank accession numbers: bla SHV , KU059762; bla TEM , KU059763; and bla OXA , KU059764). Six isolates were positive for both bla TEM and bla OXA-1 (Number of inpatients = 3, number of outpatients = 3). Table 3 shows the distribution of ESBLs, AmpC, bla TEM , bla OXA-1 and bla SHV in the E. coli isolates from outpatients and inpatients.
Discussion
The findings of previous studies as well our present results indicate that ESBL and AmpC-β-lactamase-producing isolates are usually resistant to others antibiotics such as trimethoprim/sulfamethoxazole and fluoroquinolones (24, 25) . The rate of resistance to imipenem was very low; this is similar to the results of others studies conducted in Iran and worldwide. Thus, imipenem is still the most active agent against ESBL and AmpC-β-lactamase-producing E. coli isolates (2, (26) (27) (28) . However, in the present study, two isolates were found to be resistant to imipenem; thus, resistance to this antibiotic may increase in the future (2, 29) . Interestingly, in this study, the diameter of the inhibition zone around the CO disk (colistin) was zero in 4 (7.8%) isolates from inpatients. Usually, colistin not used in the treatment of infections caused by E. coli, therefore outbreaks of infections caused by gram-negative bacilli that are resistant to colistin pose a global threat (30) .
ESBL was detected in 23/54 (42.5%) of the isolates recovered from outpatients, and 17/23 (74%) of them harbored the bla TEM and bla SHV genes ( Table 3 ). The prevalence of resistance to five or more antibiotics was higher among the outpatient than the inpatient isolates: more than 70% of the outpatient isolates were MDR. Thus, MDR strains are common in outpatients in Kerman, Iran. Moreover, the prevalence of antibiotic resistance was somewhat higher in the outpatient isolates than in the inpatient isolates. This finding is similar to other studies conducted in Iran. All these studies indicate that in the near future, several antibiotics such as CIP and SXT will be useless in empirical therapy of uncomplicated UTIs in the community (24, 25, 31) . The spread of antibiotic resistance is related to healthcare-related behaviors and the environmental policies/laws in place. Inappropriate use of antibiotics, ineffective infection control and hygiene practices are behavioral factors, and the extensive use of antibiotics in agriculture is related to the environmental policies implemented (32) . In Iran, it is not clear whether ESBL and AmpC-producing isolates of E. coli are present in the community, but high prevalence of community-acquired ESBL-producing isolates has been reported in other countries in Europe, Asia and USA (24, 25) . In our study, we found a high rate of resistance in community uropathogenic E. coli against extended-spectrum cephalosporins (such as CAZ, CTX and CPM) and CIP. Moreover, the prevalence of ESBL-positive isolates in the inpatients was decreased from 63% to 37.25% compared to 2010, but the prevalence was increased in the outpatients (33) . Prevalence of ESBL-producing E. coli in other regions of Iran, it is from 15.62% in Mashhad to 89.8% in Tehran (26) (27) (28) . According to the results of our previous studies, the prevalence of ESBL and AmpC-producing E. coli in hospitalized patients was higher: 63% in inpatients vs. 9.6% in outpatients (26, 27, 29) . In this studies, the prevalence of bla TEM was 37.2% and bla SHV was not detected in the inpatient isolates. However, these results are not in agreement with those of Abdi et al., who have reported the prevalence of bla TEM and bla SHV to be 82% and 65%, respectively (34) . Moreover, our results are not in agreement with those of Karimi et al., who have reported the prevalence of bla SHV to be 15% in Tehran (35) . This difference between different regions of Iran could be related to behavioral factors or environmental policies. To date, AmpC-β-lactamase has been identified in clinical isolates recovered from hospitalized patients (36) . In our study, as only two isolates harbored AmpC-β-lactamase, it may imply that AmpC is not prevalent in this particular community in our region. These results indicate that AmpC-β-lactamase-producing community E. coli isolates may not be important for public health, especially in UTI patients in Kerman, Iran. However, the prevalence of AmpC-β-lactamase-producing E. coli in the community in Kerman, Iran, is lower than in other countries such as the Netherlands (23%) (36).
Conclusion
Most studies in Iran have focused on the outbreak of MDR and ESBL-producing isolates of E. coli and other gramnegative bacilli isolated from hospitalized patients. Our results show a high prevalence of MDR and ESBL-producing isolates of E. coli in hospitalized patients as well as outpatients. The high prevalence of ESBL-producing isolates in the community showed that ESBL-producing E. coli have important implications for public health, especially in relation to UTIs in women. In the future, there may be serious problems in the treatment of infections caused by these bacteria. Since the resistance to other classes of antibiotics, such as aminoglycosides and fluoroquinolones, is often related with ESBL and AmpC production (37, 38) therefore, ESBL-producing isolates must be recognized in community and hospitals for appropriate treatment and prevent the outbreak of ESBL-producing bacteria. It is important to identify infections caused by ESBL-producing bacteria in the community and hospitals for appropriate treatment and prevention outbreak of ESBLs and AmpC producing isolates.
